Various reconstructive surgical procedures depend on the achievement of a patent microvascular anastomosis. Achieving clinical competency in this refined skill can begin with intensive training on live animal models. The early training stage can be stressful for novices as the rat vessels used during microvascular anastomosis training courses are often too small and too fragile for novices to optimally maintain the vascular lumen. In this paper, the authors discuss a silicone tube that provides structural support to vessels throughout the entire precarious suturing process. This modification of the conventional microvascular anastomosis technique may facilitate initial skill acquisition using the rat model.
INTRODUCTION
Microvascular anastomosis is a critical step in various subspecialties of reconstructive surgery. The creation of a patent anastomosis requires high technical skills and knowledge in suturing delicate, millimeter-scale vessels. Throughout the procedure, adequate visualization of the vessel lumen is essential as this reduces unnecessary, potentially injurious vessel manipulations and minimizes the risk of a surgeon placing suture that leads to failure. Nonliving (latex glove, silicone tubing) or living (anesthetized rat) models can be utilized to simulate clinical microvascular surgery during microsurgical training programs, including our program at the Microsurgery Training and Research Laboratory of the Columbia University Irving Medical Center. We train approximately 150 surgeons a year in basic and advanced clinical microsurgery and supermicrosurgery techniques. Our training curriculums, along with other microsurgery programs, offer individualized didactic and hands-on instruction combined with the rapid progression using low-fidelity models (surgical glove, silicone tubing) to high-fidelity models (live animals) [1] .
Non-living biomodels such as the chicken leg or porcine thigh serve to bridge the progression to models that provide a more realistic simulation of living human vessels [2, 3] . However, the discrepancies in vessel caliber and wall thickness between these models and the most commonly used microsurgery training model, the live rat, still render the transition challenging for trainees. We observe that the ability to adequately visualize the lumen and vessel edges is significantly hampered by the nature in which arterial and venous walls collapse following the occlusion of blood flow ( Figure 1A) . The diameter of microvessels (about 1 mm or less) also causes difficulties in placing forceps into the lumen. To overcome this obstacle, trainees tend to repeatedly manipulate tissue, inadvertently catch the back-wall or place uneven sutures, and inadequately oppose the vessel walls. These maneuvers may account for lower patency rates and damage the fragile vessel tissue, inevitably leading to failure and inadequate acquisition of technical skills during the limited training period [4] .
We propose a novel hybrid model for training inspired by the intraluminal tubing method, previously described by Marre and Hontanilla, who inserted a plastic tube into the chicken artery through a hole to ameliorate the difficulties in training using non-living animal models [5] . Our approach incorporates a plastic tube that holds the anastomosis sites in position, thus enhancing access and visualization of the lumen to support independent completion of anastomoses in the live rat training model. This intravascular stent offers a way to compress the steep-learning curve of basic microsurgical skill acquisition and facilitate trainees during the transition from lower fidelity models to high-fidelity live animal models.
PROCEDURE
After general preparation and dissection of rat femoral or common carotid artery (about 0.8 mm in diameter, an approximator clamp is applied to the vessel, and a transverse transection is made at the middle portion of the vessel between the clamps. A silicone tube with an external diameter of 0.7 mm is then cut into a short 2-3 mm segment ( Figure 1B) . The edge of the tube is cut diagonally and inserted into the lumen of one end of anastomosis, and the same procedure is performed to the other end ( Figure 1C ). Eight stitches are then thrown through both blood vessel wall and inserted plastic tube circumferentially to complete the anastomosis ( Figure 1D and 1E) . The same method can be used to complete the vein as well.
DISCUSSION
Intravascular stenting has been an attractive method for aiding the intracacies surrounding microvascular anastomosis procedures. Previous stent methods for microvascular anastomosis include stents that remain intravascular for only part of the suturing procedure, along with stents that fully dissolve into the blood during the postoperative healing period. These various types of stents reportedly simplify and shorten the complex microvascular suture process, enhance patency, minimize vessel wall damage, and improve the reliability of the anastomoses performed [6] . No reports have been published on the use of silicone tubing for microvascular anastomosis training in rat models.
The intravascular plastic tube serves as a scaffold for the vessel walls. It significantly enhances visualization of the lumen. The tubing minimizes the damage from rough vessel manipulation and also reduces the chances of creating an inadvertent back-wall stitch. This method lowers the difficulty of the fundamental anastomosis exercise while preserving a level of microsurgical difficulty beyond that of the non-animal model, as the trainee must work under a restricted anatomical field and be wary of extended periods of ischemia and anesthesia while operating in a living animal. Using rat models, which 
